The monthly water mass variations in the Yellow Sea and the East China Sea are investigated using over 40 years of historical temperature and salinity observations via a cluster analysis that incorporates geographical distance and depth separation in addition to the temperature and salinity. Results delineate monthly variations in the major water masses and provide some insight into formation mechanisms and intermixing. The major water masses include the Kuroshio-East China Sea water (KE), the Yellow Sea surface water (YSS) and bottom cold water (YSB), mixed water (MW), and coastal water (CW). The distribution of the KE water mass reveals the intrusion pattern into the area west of Cheju. A separate mixed water type appears between the KE water mass and the Yellow Sea water masses during winter. The formation mechanism of the YSB appears to be the surface cooling and active mixing in winter. In the East China Sea, during summer, surface water is differentiated from the subsurface water while there is no differentiation during winter. In the Yellow Sea, a three layer system exists in the summer and fall (MayNovember) while a two layer system exists during the rest of the year. A fresh water mass generated by Yangtze River discharge (YD) is present over the northern East China Sea and the southern Yellow Sea during summer.
Introduction
The Yellow Sea (YS) and the East China Sea (ECS) are areas of widely varying water properties. In this shelf region, fresh river outflow from China and Korea mixes with open ocean saline water. Seasonal variations of air temperature, river runoff, and wind stress in these shallow seas result in high variability of temperature and salinity. There have been numerous studies concerned with water mass analysis in this region (Park, 1986; Kim et al., 1991a; Liu et al., 1992; Su and Weng, 1994) . These earlier studies generally used data from several cruises to analyze the water masses in the area. However, a more complete analysis of the water masses in highly varying coastal areas requires relatively long term data. Results based on data covering a short time period can be strongly affected by temporally anomalous features. The water mass analysis here is based on over forty years of National Oceanographic Data Center (NODC) temperature and salinity observations. The purpose of this study is to investigate the monthly variations of the water masses using a climatological point of view. Implications of the water masses on the mean flow pattern are also examined.
Based on a broad criteria, water masses in the YS and ECS area can be distinguished mainly as coastal water (CW), YS water, and Kuroshio-East China Sea water (KE).
Previous studies for this region separate water masses into as few as 3 and as many as 12 groupings. A study based on oxygen isotopes indicates extreme simplicity in the water mass structure. Based on the δ 18 O ratio, Kang et al. (1994) concluded that the water masses in the YS and ECS form from a fresh water source and a saline water source (34.4 psu) by linear mixing. Thus the isotope study implies that there are two primary water types: coastal and open ocean. A mixing of the two primary types forms additional types. Thus delineation of water masses is somewhat ambiguous in this region of highly varying properties.
Water mass analysis based on temperature and salinity has resulted in complex results due to the strongly varying seasonal temperature (20°C temperature range) and salinity (6.0 psu salinity range). Kim et al. (1991a) distinguished 11 water groups based on temperature and salinity data gathered during January and July of 1986. Su and Weng (1994) defined 9 water masses from the temperature and salinity observations from 1978 -1980 . Liu et al. (1992 produced 12 water masses based on the surface and bottom temperature and salinity observations between 1960 and 1986. A clustering method was utilized in all these studies for objectiveness, however different weighting factors were used for each study. Because Liu et al. (1992) showed the differences in the water mass distributions between the surface and the bottom layer, this study includes the depth information in an objective manner. The geographical distance is also considered explicitly to delineate the flow pattern and to prevent geographically-separated water masses from combining into a single cluster.
Insight into the regional circulation is gained by analyzing the characteristics of the water masses in the study area. There is still debate over the general circulation within the area. The most usually accepted view of the circulation is now described. The Kuroshio and the Taiwan Current are the major sources of warm saline water in the area. Warm, saline water flows northeastward through the Korea Strait (Tsushima Strait) as the Tsushima Current. The origin of the Tsushima Current is debated as to whether it is from the Kuroshio or from the Taiwan Current (Lie and Cho, 1994) . A portion of the Tsushima Current is theorized to flow into YS area as the Yellow Sea Warm Current (Nitani, 1972) . The theory that the Yellow Sea Warm Current is a continuous current was recently questioned (Chang et al., 1995; Lie et al., 1998) . A more recent theory proposes that the Yellow Sea Warm Current is an intermittent intrusion caused by a weakening of the surface wind stress in winter (Hsueh and Romea, 1986) . Most of the saline water entering the YS is expected to be through advection by the Yellow Sea Warm Current. During summer, the Tsushima Current water south of Cheju Island flows into the Korea Strait. Some Tsushima Current water flows clockwise around Cheju Island without extending significantly into the YS (Lie, 1984; Park, 1986; Kim et al., 1991b; Chang et al., 1995) .
The Yangtze River water affects the southeastern YS and the northern ECS during summer when river discharge reaches a maximum. The Yangtze River water (YD) is characterized by very low salinity, ranging from less than 29.94 psu to 30.5 psu. The YD water mass has been observed to extend to just southwest of Cheju Island (125°E) (Kim et al., 1991a; Liu et al., 1992; Su and Weng, 1994) . This study describes the area affected by the low salinity of the Yangtze River, from the Yangtze mouth to the Korea Strait during the summer.
In addition to circulation, the monthly variations in water mass properties provide some indication of formation mechanisms. Development of cold dry polar continental air masses in Siberia during the winter generates strong (8-9 m/s) northwesterly monsoons (Seung and Park, 1989) . The winter monsoon produces a negative heat flux at the ocean surface. The water column cools and a destratification occurs during winter (Huh, 1982) . During summer, weak winds from the south and large heat fluxes from the air to the sea surface produce a strongly stratified water column with a sharp thermocline. Strong seasonal variability in the air temperature is known to drive water mass formation in the YS. The air temperature of the prior winter has been related to the temperature of the bottom water of the Yellow Sea (Guan, 1994) . The cold bottom water is a persistent feature in the YS and is observed from prior studies (Seung and Park, 1989; Kim et al., 1991a; Guan, 1994) . Inclusion of depth in the cluster analysis separates the bottom water into two types. The YS Bottom water (YSB) indicates the water mass located near 75 m during the entire year, while the YS Cold water (YSC) indicates a water mass located around 40 m during May through November.
Temperature and Salinity Data
The National Oceanographic Data Center (NODC) temperature and salinity observations from Nansen bottle and STD/CTD measurements from 1950 through 1992 are used in this study. NODC data are flagged when data are more than three standard deviations from the mean in the open ocean, more than four standard deviations in the near coastal area (defined as any five-degree grid box adjacent to a box designated coastal water), or more than five standard deviations in coastal water (defined as any five-degree grid box adjacent to a land grid point or any five-degree grid box with a bottom depth of less than 200 m). These flagged data are not included in the analysis. The data are interpolated to 33 standard depths from the surface to 5500 m (Levitus and Boyer, 1994) . Due to the shallowness of the YS and ECS, only the data between the surface and 100 m are used in the water mass analysis. Standard depths in this range are 0, 10, 20, 30, 50, 75, and 100 m. All the data with salinity less than 30 psu are excluded from the cluster analysis to prevent the formation of many single data point clusters. The low salinity data are mainly due to river runoff and are analyzed separately. The low salinity data are investigated separately and discussed in Section 4. In order to reduce computation time, the data were decimated to about 2200 points in each month. Monthly distribution of the temperature and salinity stations used in this study are shown in Fig. 1 .
Method
A cluster analysis is used to define water masses. The cluster analysis is an objective method for grouping data having similar characteristics based on a defined function.
The procedure begins by making each data point a single cluster, that is, given n data points, n clusters exist. In every iteration, the closest two clusters are combined into a new cluster until the total cluster number reaches a designated level. The decision as to which clusters to combine is based on a distance function (F D ) that measures the similarities between all possible cluster pair combinations. Based on the distance function the two closest clusters are merged into one. Thus once a distance function is specified, the analysis becomes objective. For constructing water masses based on the cluster analysis, the obvious choice for the distance function should include temperature and salinity. Measurements with similar temperature and salinity properties belong to the same cluster. However, the measurements must also be located within the same proximity geographically and in depth. Kim et al. (1991a) and Liu et al. (1992) show that the surface and bottom layers have different water mass distributions. Liu et al. (1992) apply a cluster analysis for the bottom and surface data separately. In this study the depth difference between sample points is included as a parameter in the cluster analysis. The inclusion of depth data provides an objective method to separate water masses based on depth. Therefore, the variables selected for the distance function in the cluster analysis are temperature, salinity, depth, and geographical distance between samples. The prominent difference in this methodology from the earlier studies is the inclusion of depth and geographical distance. In addition, by including all the NODC data, we are able to generate monthly water mass solutions that are not strongly influenced by short time anomalies.
There are two methods to measure the distance between clusters. One is the average-linkage method which computes the distance function using the central values (mean) of each cluster and the other is the single-linkage method which defines the distance based on the closest points between clusters (Wilks, 1995) . The contribution of temperature, salinity, and depth to the distance function is based on the average-linkage. For the geographical distances, however, this method does not allow a feature such as the Kuroshio to form. The average-linkage method causes the clusters to progress towards spheres in 4-dimensional space of temperature, salinity, depth, and geographical distance. Therefore the single-linkage method is used for geographical distance. That is, the geographic distance between the closest two points of two clusters is used for the distance function contribution.
Normalization of each variable for each of the methods is essential due to the differences in units and variable range. In this study the normalization of temperature (T n ), salinity (S n ), and depth (d n ) is done as follows,
where, ∆T c , ∆S c , and ∆d c are the temperature, salinity, and depth distances between two clusters, and σ T , σ S and σ d are the standard deviations. The distance function, which is the criteria for combining clusters, is defined as follows,
where, W D is weighting factor for geographical distance (D). The weighting W D is set to 10 -4 which means 10 km distance has the same weight to the one standard deviation of other parameters. The cluster analysis is applied separately to each month of data because of the strong seasonal variability of the water properties in the study area. The point at which to stop iterating is defined as 20 clusters based on the consideration of the number of water masses that prior studies defined in the area (9-12). However, several of the final 20 clusters for each month contain only a few data points. These clusters essentially contain outlier data even though the flagged data were discarded. Only clusters which are composed of a significant number of data points (about 5 or more) are displayed and discussed in the results.
Results
Monthly temperature-salinity (T-S) diagrams of the NODC data between 1950 and 1992 prior to the cluster analysis are depicted in Fig. 2 . Based on these monthly T-S diagrams, a sensible criteria for the four seasons are derived based on an oceanographic water property sense. Winter months are January, February, and March, spring months are April, May, and June, summer months are July, August, and September, and fall months are October, November and December. This seasonal criterion is slightly lagged from the meteorological season.
Typical T-S diagrams show four fundamental water masses of warm and saline (A), cold and saline (B), cold and fresh (C), and warm fresh (D) in summer (Fig. 2) . The deep (greater than 200 m) saline (greater than 34.0 psu) water type (black data points) is excluded throughout the cluster analysis because of its constancy in time, and is not a factor in the shallow and highly variable study area. Water mass (A) is warm (22.0-28.0°C), saline (34.0-35.0 psu), and shallow (less than 100 m). Water mass B is colder (12.0-18.0°C) and saline (34.0-35.0 psu). Water mass C is cold (5.5-9.5°C), fresh (31.5-33.5 psu), and shallow (0-75 m). The concentration of data in water mass D (warm fresh water) increases during the spring. This widely spread warm (greater than 24°C) and fresh (less than 32.0 psu) water mass is characteristic of the summer months and is composed mainly of surface water. The fall season shows a decreasing concentration of data within water mass D. Between each water mass A through D are mixed water types. The most prominent and persistent mixed water type is found between B and C. Mixed water masses between D and other water masses are not as clear due to broad scattering in the T-S diagram during summer.
Water mass A falls into the T-S characteristics of Kuroshio surface water observed by earlier studies (Kim et al., 1991a; Liu et al., 1992; Su and Weng, 1994) . Water mass B falls into the T-S range of the Kuroshio subsurface category of Liu et al. (1992) . Water mass C is very close to the T-S characteristics of the Yellow Sea cold water or the Yellow Sea bottom cold water of Kim et al. (1991a) , Liu et al. (1992) , and Su and Weng (1994) . Water mass D agrees well with the July YSECS surface water of Kim et al. (1991a) . Therefore, based on only the T-S distributions there are four water masses which consist of Kuroshio-ECS surface water, Kuroshio-ECS subsurface water, YS cold water, and YS surface water. During summer months, the YS surface temperature increases due to heat flux and salinity decreases due to Yangtze River discharge and rainfall. Fresh and warm water then forms at the surface, creating a mixed water mass between Kuroshio, YS, and ECS surface waters. This com- plicates the task of subjectively distinguishing different summer water masses based on only the T-S distributions. The cluster analysis is applied to each month's data separately, resulting in clustered water masses for each month. In this paper, we present the detailed January and July results, which are representative of summer and winter. Results from other months are presented only through the mean temperature and salinity of the water masses. Data deeper than 100 m are excluded from the cluster analysis since these are mainly the Kuroshio waters that show relatively little variability through the year. The results of the cluster analysis distinguish the four major water masses plus one major mixed water mass and a coastal water: Kuroshio-ECS water (KE, which splits into surface, KES, and subsurface, KEB, waters in the summer), YS surface water (YSS), YS bottom water (YSB), mixed water (MW, between Kuroshio and YS water masses), and the coastal water (CW). These water masses exhibit seasonal variation. Generally, summer months show more complex water mass distribution than winter months due to the appearance of the Yangtze River Diluted Water (YD), and the YS Cold Water (YSC). In addition, an independent water mass occurs in the Korea Strait (KS). Though the KS T-S characteristics are similar to the KE, it is differentiated based on depth. The mean temperature, salinity, and depth for each water mass during each month is summarized in Table 1 . The January cluster analysis T-S diagram and the corresponding spatial distribution are representative of winter months (Fig. 3) . Resulting water masses are relatively simple in January: KE, YSB and YSS, MW, CW, and KS. KE is distributed in the ECS and Korea Strait including the Kuroshio region. YSB and YSS are distributed in the Yellow Sea, and the MW is located spatially between the KE and YS water masses. The CW is located along the China coast and the KS is distributed around Cheju Island and in the Korea Strait. The KE is not separated into KES and KEB during the winter months. Depth ranges of each water mass are 0-100 m for KE with an average of 39 m, 0-50 m for YSS with an average depth of 21 m, 50-75 m for YSB with an average depth of 55 m, 0-30 m for MW with an average depth of 15 m, 0-30 m for CW with an average of 11 m, and 75-100 m for the KS with an average depth of 90 m.
The July cluster analysis T-S diagram and the corresponding spatial distribution are representative of summer months (Fig. 4) . Summer water mass distribution becomes relatively complex. The T-S diagram shows an expansion in both temperature and salinity range due to high river discharge, rainfall, and heat flux. The KE observed in winter separates into KES and KEB during the summer. The KES has higher temperature, lower salinity, and shallower depth (depth range: 0-50 m, average depth: 20.0 m). The KEB maintains the winter characteristics of the KE. The Kuroshio waters (KES and KEB) are distributed similarly to the KE water of winter (Fig. 3) . The surface waters during summer (KES) cover a much wider salinity range than the KE waters during winter. The summer months indicate not only warmer temperature but also lower salinity in the surface waters. In addition to the vertical stratification of KES and KEB, during summer the Yellow Sea waters separate into the YSS, YSC, and YSB. KS water in summer appears near the surface layer (depth range of 0-30 m, average depth of 20 m) with about the same temperature and salinity.
During July, the YD is distributed from the Yangtze River mouth across the Yellow Sea to the Korea Strait (Fig.  4) . Fresh and warm YD appears in the surface layer (average depth of 6.0 m). Insight into this phenomenon and the influence of the Yangtze River are obtained from the spatial distribution plot of the data with salinity less than 30 psu, which were excluded from the cluster analysis. Figure 5 shows the monthly fresh water (15-30 psu) distribution plot for April to September. Fresh water distribution during other months is minimal. The fresh water forms at the mouth of the Yangtze River in April and gradually spreads eastward during subsequent months. The maximum coverage is reached in August, covering a wide area including the southeast YS, northern ECS, and the Korea Strait. The source of the fresh water diminishes in September, but the fresh water remains in the Cheju and Korea Strait vicinity. Therefore the source of the fresh water during the summer months in the southern YS and northern ECS is the Yangtze River outflow. The fresh water distributed along the west coast of Korea is from local river sources. The persistence of the fresh water in the Cheju vicinity during September can be explained by the travel time of the fresh water from Yangtze River mouth. According to observations by Beardsley et al. (1992) , a drifter launched in July traveled from just northeast of the mouth of the Yangtze River (31. 68°N-123.26°E, August 1, 1986) to just west of the southwestern tip of Korea (34.36°N-125.5°E, September 1) in 31 days. The drifter turned toward the southeast and passed through the Korea Strait in 30 days (35.46°N-129.71°E, October 1). This single trajectory is representative of summer surface water flow pattern. The flow around Cheju Island and through the Cheju Strait during summer is reported by Park (1986) , Lie (1984) . The long term fresh water distribution depicted in Fig. 5 follows the mean circulation pattern in the study area.
Discussion
The results of the cluster analysis are presented in detail for January (Fig. 4) and July (Fig. 5 ). Each water mass shows characteristic monthly temporal variations in its temperature and salinity. To examine these monthly variations in the water masses, the mean temperature and salinity are calculated for each water mass in each month (Figs. 6 and 7) . The vertical bars around the temperature and salinity curves for each water mass indicate one standard deviation of the data contained in the clusters. We refer to the bars as the RMS variability, and we refer to the changes in mean water mass properties from one month to another as the monthly variability. Some of the water masses exist only during a portion of the year. Thus the monthly mean values indicate the time of year during which the different water masses are observed. The splitting of the KE water mass into KES and KEB occurs in July through October, and the splitting of the YSC from the YSB occurs in May through November. The YD water appears in May through September. The MW differentiates from the other water masses in the cluster analysis during January through April.
Generally, the monthly-mean temperatures are highest in the Kuroshio-ECS waters (KE, KES, KEB), though the YD reaches high values as well (25°C). The temperature RMS variability is largest in the KES and KEB, indicating that these clustered water masses are actually of a large range of water types. This is also indicated by the geographical coverage of KES and KEB waters masses (Fig. 5) . The salinity RMS variability is likewise largest in KES and KEB. The KEB appears as a continuation of the winter and spring KE in terms of temperature and salinity. Surface heating and mixing of fresh water from neighboring areas during the summer are contributing factors to the separation of the KES from the KEB. The salinity minimum of the YD during August occurs at the same time as the minima in the YS and KES, suggesting the influence of the YD on the other water masses.
The lowest monthly mean temperature values are found in the YSB and YSC water masses. The YSS is characterized as fresh (31.8-32.8 psu) with a large temperature range (5.3-20.0°C). The YSB is a cold fresh water mass and exists year round at the bottom (50-75 m). The YSB temperature is less than 10.0°C, and salinity is less than 33.2 psu. The largest monthly mean temperature variability occurs in the YSS, which extends from the low temperatures of the YSB (5.3°C) during March to the high temperatures of the KEB (20°C) during October. The YSC has temperature similar to the YSB, salinity close to the YSS, and an average depth of 40 m which is between the YSS (20-30 m) and YSB (60-70 m) . The YSC appears to be YSS water from the winter that has remained insolated from the surface heating of summer. Previous studies have generally separated the Yellow Sea into a 2 layer system based on the large temperature gradient during summer. However, salinity also indicates a gradient but at a lower depth. This is due to the winter vertical mixing of the fresh water downwards. During winter, the fresh cold surface water mixes downward, and cold saline water remains on the bottom. During summer, the surface warms. However, the warming does not reach down as far as the mixing during winter. Reduced mixing in summer is a result of weaker wind stress and stronger stratification. Thus the summer Yellow Sea bottom is filled with cold saline water (YSB), the middle with cold fresher water (YSC), and the top with warm fresh water (YSS). These water masses form the summer 3 layer system. During winter months, temperature differences between the YSS and YSB are a minimum, forming a deep mixed layer or homogeneous water column in the shallow area. Using only the data from the clusters of YSS, YSB, and YSC, T-S characteristics for each month provide evidence for the theoretical formation of the YS bottom water (Hu, 1994) (Fig. 8) . Surface waters (marked as + and × in Fig. 8) indicate the large seasonal warming and cooling pattern. During spring through fall, most of the surface waters are warmer than the bottom waters, thus forming separate water masses. The bottom water (marked by triangles) remains near 9°C throughout the year. The large summer vertical temperature gradient inhibits vertical mixing. During the winter months (particularly February and March), surface Fig. 9 . Monthly T-S diagrams in the Yellow Sea (box YS in Fig. 1 ) and in the vicinity of Cheju (box Cheju in Fig. 1 ) indicate separate water masses at the bottom throughout the year. Water masses are separate in the surface only during winter.
temperatures typically drop below the bottom temperatures. This sets up a neutral or an unstable stratification that enhances vertical mixing. The intense winter monsoon winds also aid this process, implying that surface water cooling during winter and spring is a mechanism for the formation of YSB as earlier studies have pointed out (Hu, 1994) . The MW forms between KE and YS waters during winter (from January to April). The MW spatial distribution in January (Fig. 3) indicates that the major mixing between warm saline KE and the fresh cold YSB water occurs mostly in the vicinity southwest of Cheju Island. As indicated in the T-S diagrams, MW lies on the isopycnal between KE and YS. The MW lies in an area of sharp spatial gradients of sea surface temperature. According to Seung and Shin (1996) , a temperature front usually forms along isobaths near 34°N, northwest of Cheju during winter between the cold YSS and the warm KE. Sharp spatial gradients of water properties at the front provide a strong potential for intense mixing. The mixed water mass is a result of strong mixing between the YSS and KES water types. This is clear during winter when the MW lies between the YSS and KES water masses both in terms of T-S distribution and spatial distribution.
In the summer, the cluster analysis does not indicate a separate mixed water mass even though there are data points between the YSS and KES water types. One reason for this is the decrease in the number of MW samples during summer. The number of points lying between the YSS and KES water masses decreases in summer relative to winter. One of the main formation mechanisms of the MW is the Yellow Sea Warm Current. The YSWC forms just beneath the surface (near 20 m) during the winter due to the strong northerly wind stress associated with the winter monsoon winds (Hsueh, 1988) . The large YSWC intensification during winter causes much more mixing of the YSS and KES waters near 20 m than during summer.
To investigate the horizontal T-S gradients in more detail, the monthly T-S diagrams of all data in the YS area (box YS in Fig. 1 ) and Cheju vicinity area (box Cheju in Fig.  1 ) are compared (Fig. 9) . At all depths, there are two distinct water types in winter and early spring (December through May). Cheju vicinity water is saline and warm (temperature of 10-20°C, salinity of 33.0-35.0 psu), while the YS water is cold and fresh (temperature of 5-15°C, salinity of 32.0-33.5 psu). The surface water characteristics merge during the summer. The two different water masses throughout the year at the bottom and the two different water masses at the surface during winter provide the potential for intense mixing nearby Cheju.
The KS water has a monthly mean temperature and salinity similar to the KE and KEB. In January through May, the KS appears at the bottom (average depth of 92 m). In the following months, the KS appears near the surface layer with an average depth near 20 m. It is difficult to explain the formation of this water mass via local surface heating and cooling processes because of the flow of the Tsushima Current through the Korea Strait. This implies that the KS originates from source outside the YS and ECS or by upwelling. There are two reported cold and saline waters from outside areas. At the northern end of the Korea Strait the East Sea (Sea of Japan) water is known to flow southwest as a bottom current (Lim and Chang, 1969; Lim, 1971; Isobe, 1995) . This water is the Bottom Cold Water (BCW). According to Lim and Chang (1969) , the BCW is defined by a temperature less than 1 0°C. The reported BCW is distributed along a deep trough extending to the East Sea between Korea and Tsushima Island. The Western North Pacific Central Water (WNPCW) has been observed on the continental shelf in the area west of Kyushu (Park, 1986 ) with a salinity range of 34.2-34.8 psu and a temperature range of 10-18°C. The KS delineated in this study has a similar temperature range of 12.5-17.0°C and salinity of 34.0-34.9 psu. According to Lim (1971) , the WNPCW does not flow into the East Sea. Kim et al. (1991b) show that the saline Tsushima Current water flows around Cheju Island. The water mass around Cheju Island has salinity between 33.53 psu and 34.80 psu and temperature between 11.3-1 7.0°C at 50 m depth (Kim et al., 1991a) . The appearance of the KS water may be intermittent so that it does not appear in every individual analysis, but is distinguished in the historical climatology.
Conclusions
The water masses in the YS and ECS are mainly categorized as the Kuroshio-ECS waters (KE, KES, KEB), YS waters (YSS, YSB, YSC), coastal water (CW), and mixed waters (MW, KS). The MW forms between YS waters and the KE waters winter. A fresh and warm water mass in the surface layer in the northern ECS and southern YS originates from Yangtze River discharge (YD) during summer. During winter, the ECS contains a single water mass. Heating during the summer separates the surface water into a separate water mass over the ECS and YS. In the winter, the YS consists of two layers composed of YSS and YSB waters. During summer, the YS is represented by a three-layer system. Surface heating separates a warm fresh YSS water leaving cold fresh YSC water at mid-depth and cold saline YSB water at the bottom.
Variations in the monthly mean temperature are highest in the YSS and the monthly mean salinity variations are highest in the YD, KES, and KEB. The YSB shows the smallest seasonal variations in its mean water characteristics. The monthly variations of the YS T-S characteristics imply that the surface cooling and the active mixing in winter form the YSB water. The spatial distribution pattern of the KE waters indicates the intrusion of the KE waters into the YS area. Strong gradients in water properties exist in the area off Cheju Island. The MW in T-S diagrams appears on the ispycnal between Kuroshio-ECS waters and the YS waters, thus implying it is a result of strong mixing. The region covered by the MW also indicates the major mixing area is in the vicinity of Cheju Island.
